• The phagocytic function of granulocytes and monocytes was examined in normal and preeclamptic pregnancy.
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Monocyte 21 a b s t r a c t Neutrophil granulocytes and monocytes have been intensively studied, but there is no scientific data on one of their most important functions, namely the phagocyte function in pregnancy and preeclampsia. The aim of this study was to examine this function. Twenty-five healthy pregnant, 25 preeclamptic pregnant, and 20 healthy, non-pregnant women were enrolled into our study. Cells were isolated from peripheral blood samples, marked and evaluated for the phagocytic index with an immunofluorescent microscope after phagocytosing the zymosan molecules. The phagocytic function of monocytes and neutrophil granulocytes decreased significantly in healthy pregnancy compared with nonpregnant women and in preeclampsia, and it decreased significantly compared with healthy pregnancy. Decreased phagocytic function in healthy pregnancy can be a part of the maternal immunosuppression, which is essential for the protection of the hemiallograft fetus. Further reduction of phagocytic function may be one of the immunoregulatory abnormalities found in preeclampsia.
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Introduction
For an ongoing healthy pregnancy it is essential that 23 the maternal immune system tolerates the 'hemiallo- non-pregnant status, and this elevation is more pro-33 nounced in pathological pregnancies (Sacks et al., 1998; 34 Calleja-Agius et al., 2012) . Preeclampsia is one of the most 35 severe complications of pregnancy that can be character-36 ized as an increased systemic inflammatory response and 37 endothelial dysfunction (Eastabrook et al., 2011) . Clinical 38 manifestation of preeclampsia is hypertension and pro-39 teinuria developing after the 20th week of pregnancy, and 40 in untreated cases it can lead to multi-organ failure. The 41 public health importance of preeclampsia is significant 42 as it is the leading cause of maternal and fetal mor-43 bidity and mortality worldwide (Sibai et al., 2005 Zymosan particles were labeled with fluorescein iso-108 thiocyanate (FITC), as described previously (Hed et al., 109 1987) . Briefly, the particles (1 × 10 8 ml −1 ) were incubated 110 in carbonate buffer, pH 9.6, containing FITC at a final 111 concentration of 0.01 mg/ml for 60 min at 37 • C. Then 112 they were washed three times and opsonized in Hanks' 113 solution containing 50% human AB serum at 37 • C for 114 30 min. The labeled and opsonized particles (FITC-OZ) were 115 washed three times and stored at −20 • C in Hanks' solution 116 (3 × 10 7 ml −1 ) until the phagocytosis assay. Mononuclear cells and granulocytes were separated as 120 described previously (Böyum, 1968; English and Andersen, 121 1974) . Blood samples were mixed with an equal vol-122 ume of Hanks' solution, pH 7.4, and layered on top of a 123 discontinuous Ficoll gradient (1.077 and 1.119 g/ml) and 124 centrifuged at 400 × g at 20 • C for 30 min. Mononuclear 125 and polymorphonuclear cells were collected from the top 126 and interface of the Ficoll layers, respectively. Then the cells 127 were washed twice with Hanks' solution. Their viability 128 was determined using the trypan blue exclusion test and 129 found to be 96-98%. The purity of granulocyte suspensions 130 varied between 95% and 98%, as judged by morphology.
131
In the phagocytosis assay, phagocytosis of FITC-OZ was 132 determined as described previously (Forslid and Hed, 1982; 133 Vrsalovic et al., 2007) . Briefly, 1 × 10 5 granulocytes and 134 mononuclear cells in 300-l aliquots of Hanks' solution 135 containing 5% heat inactivated human AB serum were 136 placed into the wells of chamber slides to allow the cells 137 to adhere for 30 min at room temperature. Subsequently, 138 the non-adherent cells were removed by washing, the 139 adherent cells and FITC-OZ (3 × 10 6 well −1 ) were incu-140 bated in 300-l aliquots of Hanks' solution at 37 • C in 141 5% CO 2 /95% humidified air for 60 min. Following incuba-142 tion, the fluorescence of non-ingested zymosan particles 143 was quenched by trypan blue solution (Busetto et al., 144 2004; Chaka et al., 1995) . Monocytes were identified using 145 the indirect immunofluorescent method. The cells were 146 labeled with anti-CD14 monoclonal antibody and then 147 with immunoglobulin G-conjugated Dylight 594 fluores-148 cent dye. The nuclei of the granulocytes and monocytes 149 were stained with 4 ′ ,6-diamidino-2-phenylindole (DAPI) 150 and the slide was then removed from the chamber for 151 microscopic evaluation. The number of FITC-OZ/cell was 152 determined using an Axioplan fluorescent microscope 153 (Zeiss Oberkochen, Germany) by examining 2 × 100 cells in 154 randomly selected microscopic fields. Then the phagocytic 155 index (PI), the average number of ingested particles/cell, 156 was calculated and presented as mean ± SD. 
Results
163
The clinical characteristics of the study population 164 are presented in Table 1 . As shown, there were signifi- 
Phagocytic function of monocytes
181
The PI of monocytes from healthy non-pregnant, 182 normal, and preeclamptic pregnant women is illus-183 trated in Fig. 2 . As shown, monocytes from healthy 184 pregnant women demonstrated a significantly decreased PI 185 (3.33 ± 0.64, p < 0.001) compared with non-pregnant con-186 trols (3.96 ± 0.33). Monocytes from preeclamptic pregnant 187 women revealed a significantly decreased PI (2.32 ± 0.66) 188 compared with healthy pregnant controls (p < 0.001) and 189 non-pregnant patients (p < 0.001). 
Discussion
191
The main representatives of the innate immune sys-192 tem are the monocytes (mononuclear phagocytes) and 193 neutrophil granulocytes (polymorphonuclear phagocytes). 194 These cells play an important role in the correspondence 195 with the adaptive immune system, mainly with cytokine 196 (interleukins, tumor necrosis factor, interferon) produc-197 tion and this relationship is true vice versa (Beutler, 2004). 198 Clinical and experimental results confirm that cellular 199 and humoral components of the innate immune system 200 are activated during pregnancy (Sacks et al., 1999) . As 201 a part of the activation, white blood cell count is ele-202 vated significantly in normal pregnancy (Efrati et al., 1964) . 203 Table 1 Clinical characteristics of non-pregnant (NP), healthy pregnant (HP), and preeclamptic pregnant (PE) women. 106.5 ± 6.1 108.9 ± 7.4 148.9 ± 7.9 p < 0.05 * Diastolic blood pressure at blood sampling (mmHg) 66.9 ± 5.4 70.9 ± 7.3 100.7 ± 7.4 p < 0.05 In healthy pregnancy the maternal serum level of acute 204 phase proteins (fibrinogen, factor VIII, several elements of 205 complement system) is elevated (Comeglio et al., 1996) .
206
Nevertheless, pregnant women are more susceptible to 207 infections than non-pregnant women, and these infections 208 are usually more severe (Cunningham et al., 1984 The author declares no conflict of interest. 
